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Figure 1. Overview map of the SW Barents Sea. The white polygon illustrates Bjarmeland Platform. The two red polygons 
indicate the two study areas in which this thesis is focusing at. The two black dots within the study areas indicate well 
7324/8-1 (Hoop 3D) and 7226/2-1 (Ververis 3D). The yellow line within Hoop 3D is the P-cable 2D seismic data available 










































































































































Figure 2. The model illustrates the effects of sea level changes on submarine gas hydrates, where large blocks of hydrated 












































































Figure 3. Gas hydrate structural types; structure I, II, and H. 
Guest molecules for each hydrate structure are indicated. 







































Figure 4. a) Seismic BSR from west of Svalbard close to Molloy Transform Fault. The BSR is shows reversed polarity 
compared to the seabed, and crosscut bedding planes. There is also a polarity reversal across the BSR. b) Wiggle display of 
the seafloor reflection and the BSR. The image indicates a polarity reversal of the BSR relative to the seafloor reflection. 














































































Figure 5. Two models of gas hydrate stability thickness in the SW Barents Sea: a) Gas composition of 100% methane. b) Gas 
composition of 96% methane, 3% ethane and 1% propane. For both a) and b): Large gas chimneys illustrated in pink areas 
(Vadakkepuliyambatta, et al., 2013), black squares indicates locations of known gas hydrate accumulations (Andreassen, et 
al., 1990) (Løvø, et al., 1990) (Laberg & Andreassen, 1996) (Chand, et al., 2012) (Ostanin, et al., 2013), location of gas 
flares indicated in green triangles (Chand, et al., 2012) and major structural elements illustrated in black lines (NPD). Study 











































Figure 6. Illustration of gas hydrate related features along passive continental margins. Included in the illustration are 
major features such as subdued reflection event between the BGHSZ and the seabed, acoustic turbidity, blanking, enhanced 
reflection below the BSR, leakage along faults, and fluid flow features such as pockmarks, mud volcanoes and wipe-outs. 


























































































































































































Figure 9. Map of the SW Barents Sea. The study areas are illustrated in red polygons, and the black dots inside each polygon 
illustrate the well positions of well 7226/2-1 and 7324/8-1. The larger yellow polygon illustrate Bjarmeland Platform. 



















































Figure 11. Clinoform sequences prograding in the Bjarmeland Platform, Hoop Fault Complex and Fingerdjupet Sub Basin 



































Figure 12. Profile across Bjarmeland Platform, where Hoop Fault Complex are illustrated in the red box. Colors on the 
sediment packages from top to bottom: Quaternary (grey), Cretaceous (green), Jurassic (light and dark blue), Triassic 




















Figure 13. Bathymetry of the SW Barents Sea. Bottom water temperatures indicated along black lines (NODC, 2009). 
Geothermal gradients are indicated along blue lines (NPD; Bugge, et al., 2002). Purple polygons illustrates study areas. 
























Figure 14. The figure shows a reconstruction of the Eurasian ice sheets at the Late Weichselian glacial maximum (LGM). 
Glacier distribution in this figure only focuses on the distribution of Eurasian ice sheets, hence ice distribution over Iceland, 
Greenland Alps and other mountains areas are not shown here. Study areas illustrated in red dots. Modified from Svendsen, 












Figure 15. The figure shows a five stage reconstruction of the Late Weichselian glacial maximum and its subsequent 
deglaciation. The construction is made by (Winsborrow, et al., 2010). In the figure; ice streams (blue arrows) warm-based 
ice (dashed blue arrows), cold-based ice (white discs), possible ice divides (dashed dark blue lines). Modified from 































Figure 16. Map illustrating the location of the seismic datasets. The red polygons illustrate the 3D datasets and the yellow 

















































































































































































Figure 18. Bathymetric map of the seabed around Ververis Dome structure. Location of well 7226/2-1 is illustrated in the 









Figure 19. Vessel track of seafloor from side scan sonar-line ST0792-04010 in the study area. Site surveying shows presence 

















Figure 20. a-b) The variance attributes are generated from the unit package illustrated in yellow transparency in c. The 
yellow line in a) and b) indicates the seismic section illustrated in c. c) Seismic section illustrating a system of faults, and 





































Figure 21. Seismic section crossing well 7226/2-1. The yellow line in the black polygon in the corner indicated where the 
seismic section is generated from. The vertical red line in the seismic section indicates well 7226/2-1. Interpretations in the 
sections are indicated with black arrows: Seabed, URU, fluid pipes, faults, noisy reflections, and possible pull down. The 

























Figure 22. Seismic section north-east of well 7226/2-1. Indicated in the section are fluid flow features such as faults and fluid 
pipes. Other seismic indications of fluid flow indicated are noisy and patchy reflections. BSR-like features are also indicated. 































Figure 23. A) Minimum amplitude map of the shallow gas anomalies at the base of Pleistocene sediment package. The yellow 
colored areas shows the distribution of shallow gas anomalies in the study area. In the gray areas it is absence of shallow 
gas anomalies. Black lines indicate seismic sections in a,b,c and d. B) Variance map  from 900-1100 ms, with the purpose of 
illustrating fault systems in relation to the distributions of the overlying shallow gas anomalies. Seismic sections a,b,c and d 



























C1%  C2%  C3%  iC4%  nC4%  iC5%  nC5%  C6%  CO2 
Value 
(%) 
98  1.2  0.31  0.04  0.03  0.01  0  0.02  0.38 













  Present day  Early Deglaciation  Last Glacial Maxim 
BWT/Bottom ice 
Temp.  3.7°C  2.0°C  ‐3.2°C 
Geothermal Gradient  0.036 °C/m  0.036 °C/m  0.036 °C/m 
Water/Ice column  347 m (water)  435 m (water)  1 870 m (Ice) 
Table 2. The table provide information about the bottom water temperature (BWT), geothermal gradient water/ice column 















































Figure 25. Bathymetric map of the seabed around Wisting Central. Location of well 7324/8-1 (Wisting Central) is illustrated 























Figure 26. a-b) The variance attributes are generated from the unit package illustrated in yellow transparency in c. The 
yellow line in a) and b) indicates the seismic section illustrated in c. c) Depth converted seismic section illustrating a system 















Figure 27. Depth converted seismic section located across well 7324/8-1. Possible BRSs are indicated by yellow arrows and 














Figure 28. 2D P-cable seismic section from the eastern side of well 7324/8-1. Illustrations are: fault (black lines), possible 




















Figure 29. A) Minimum amplitude map of the shallow gas anomalies in the study area Hoop 3D. The yellow colored areas 
shows the distribution of shallow gas anomalies in the study area. In the gray areas it is absence of shallow gas anomalies. 
Black lines indicate seismic sections in a,b and c. B) Variance map  from 630-730 m, with the purpose of illustrating fault 
systems in possible relation to the distributions of the overlying shallow gas anomalies. Seismic sections a,b and c illustrates 
























C1%  C2%  C3%  iC4%  nC4%  iC5%  nC5%  C6%  CO2 
Value 
(%) 
97.1  0.9  1.4  0  0  0  0  0  1.84 










  Present day  Early Deglaciation  Last Glacial Maxim 
BWT/Bottom ice 
Temp.  2.47°C  2.0°C  ‐1.78°C 
Geothermal Gradient  0.048 °C/m  0.048 °C/m  0.048 °C/m 
Water/Ice column  402 m (water)  469 m (water)  1 723 m (Ice) 
Table 4. The table provide information about the bottom water temperature (BWT), geothermal gradient water/ice column 




















































































































































































Figure 31. a) GHS model for present day conditions at the location of well 7226/2-1. Gas composition from the well: 
98%C1, 1.2%C2, 0.31%C3, 0.04%iC4, 0.03%nC4, 0.01%iC5, 0.03%C6 and 0.38%CO2) b) Depth-converted seismic section. 
The modelled gas hydrate stability is estimated to be stable down to 87 m below the seafloor and indicated by the yellow 
dashed line. Interpreted BSR are illustrated with black arrows. The red vertical line indicates the position of well 7226/2-1. 





















Figure 32. a) GHS model for present day conditions at the location of well 7226/2-1. b) Depth-converted seismic section. The 
modelled BSR for a geothermal gradient of 0.036 oC/km is calculated to appear 87 m below the seafloor and indicated by the 
white dashed line. The modelled BSR for the geothermal gradient 0.052 oC/km is calculated to appear 50 m below the 
seafloor and indicated by the pink dashed line. Illustrated possible seismic evidence that may be related to gas hydrates are: 

























Figure 33.  a) GHS model for present day conditions at the location of well 7324/8-1. b) Depth-converted seismic section. 
The modelled gas hydrate stability is estimated to be stable down to 76 m below the seafloor and indicated by the yellow 
dashed line. The modelled methane hydrate stability is estimated to be stable down to 25 m below the seafloor and indicated 
by the blue dashed line. Interpreted BSR are illustrated with black arrows. The green dot illustrates the depth at which the 



































Figure 34. The yellow dashed line illustrates the modelled BSR when using the sampled gas analysis from 198 m sub bottom 
depth. The white dashed line illustrates the modelled BSR when using the sampled gas analysis from top reservoir (238 m 























































Figure 35. a) GHS model for conditions during LGM at the location of well 7226/2-1. Gas composition from the well: 
98%C1, 1.2%C2, 0.31%C3, 0.04%iC4, 0.03%nC4, 0.01%iC5, 0.03%C6 and 0.38%CO2). b) Depth-converted seismic 
section. The modelled gas hydrate stability is estimated to 618 m sub bottom depth and indicated by the yellow dashed line. 
The modelled methane hydrate stability is estimated to 610 m sub bottom depth, indicated by a dashed blue line.  Interpreted 
BSR are illustrated with black arrows. The red vertical line indicates the position of well 7226/2-1. The green dot illustrates 


























Figure 36. GHS model for conditions during Last Glacial Maximum at the location of well 7324/8-1. b) Depth-converted 
seismic section. The modelled gas hydrate stability is estimated to be stable down to 412 m sub bottom depth and indicated 
by the yellow dashed line. The modelled methane hydrate stability is estimated to be stable down to 404 m sub bottom depth 
and indicated by the blue dashed line. Interpreted BSR are illustrated with black arrows. The green dot illustrates the depth 















Figure 37. a) GHS model for conditions during early deglaciation at the location of well 7226/2-1. Gas composition from the 
well: 98%C1, 1.2%C2, 0.31%C3, 0.04%iC4, 0.03%nC4, 0.01%iC5, 0.03%C6 and 0.38%CO2). b) Depth-converted seismic 
section. The modelled gas hydrate stability for gas hydrates is estimated to a depth of 233 m below the seafloor and indicated 
by the yellow dashed line. The modelled methane hydrate stability is estimated to a depth of 122 m below the seafloor, 
indicated by a dashed blue line. Interpreted BSR are illustrated with black arrows. The red vertical line indicates the position 







































Figure 38. GHS model for conditions during deglaciation at the location of well 7324/8-1. b) Depth-converted seismic 
section. The modelled gas hydrate stability is estimated to be stable down to 167 m below the seafloor and indicated by the 
yellow dashed line. The modelled methane hydrate stability is estimated to be stable down to 93 m below the seafloor and 
indicated by the blue dashed line. Interpreted BSR are illustrated with black arrows. The green dot illustrates the depth at 
which the gas composition is sampled at. The red vertical line indicates the position of well 7324/8-1. 
The numerical modelling from time of deglaciation (16 830 BP) insinuates a massive 
decrease in hydrate stability from LGM, and may possibly be explained by thawing of the ice 
sheet column of 1723 m into a seawater column of approximately 469 m (Figure 38). The 
significant release in pressure conditions along with the rising bottom water temperature 
from ‐1.78 oC to approximately 2 oC, would cause a major effect on the stability conditions 
for both methane hydrates and gas hydrates. Both Chand et al. (2008) and Dore et al. (1996) 
emphasizes that much of the thinning of gas hydrate stability since LGM is thought to relate 
to the reduction of pressure due to glacial unloading and a significant increase in bottom 
water temperature.  Dore et al. (1996) suggests that the pressure reduction caused by the 
unloading of ice sheets during deglaciation not only decreased the hydrate stability, but also 
caused release of soluble methane gas in formation water as free gas. A previous study of 
gas hydrate stability modelling in the SW Barents Sea (Chand, et al., 2008) indicates that an 
increase in the bottom water temperature of 7 oC (from ‐1.5 oC to 5.5 oC) alone, would 
possibly decrease the gas hydrate stability zone thickness by up to 400 m. Another hydrate 
stability modelling made by Chand et al. (2012) suggests the methane hydrate stability zone 
to have thinned out from 600 m to zero in most parts of the SW Barents Sea. Furthermore, 
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here it is suggested fluid expulsion due to glacial retreat to have caused dissociation and 
migration of methane hydrates into shallower sediments. Faults and fractures related to 
uplift after the retreating ice sheets are suggested to act as migration pathway for higher 
order hydrocarbons and CO2. At the locations where the faults and fractures allow migration 
of higher order hydrocarbons and CO2, it is suggested patchy formation of structure II gas 
hydrates. This would add to support the observation and interpretation of gas hydrates in 
Hoop 3D, where a significant system of faults are observed and described in the area 
(Gabrielsen, et al., 1990) and the gas analyses from well 7324/8‐1 (Harding, et al., 2014) 
indicates presence of higher order of hydrocarbons and CO2 both at the top reservoir at 238 
m sub bottom depth and at the gas sample sampled at 198 m sub bottom depth. Hence, the 
observed and interpreted BSRs within Hoop 3D (Figure 33, Figure 36, Figure 38) may possibly 
be related to fluid expulsion due to pressure reduction and uplift caused by the retreat of ice 
sheets after LGM in the SW Barents Sea.  
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7 Conclusion 
 High resolution 3D seismic data and 2D P‐cable seismic data reveal geophysical 
evidence of prominent shallow gas anomalies possibly related to gas hydrates in both 
Ververis Dome structure and Hoop Fault Complex on the Bjarmeland Platform. 
 
 Numerical modelling suggests favorable conditions for gas hydrate stability in both 
study areas. The gas hydrate stability within Ververis 3D is estimated to 87 m sub 
bottom depth, whereas within Hoop 3D the gas hydrate stability is estimated to 76 m 
sub bottom depth. In addition, modelling also suggests favorable conditions for 
methane hydrate stability within Hoop 3D down to 25 m sub bottom depth. 
 
 The results from numerical modelling coincides with the interpretations of gas 
hydrate‐related BSRs, thus increasing the confidence of the interpreted BSRs. 
Furthermore, the gas compositions used in the modelling are from detailed analysis 
of mud gas samples at relatively shallow depths in the study areas. The mud gas 
sample from well 7226/2‐1 is sampled at a depth of 534 m below the seafloor, 
whereas the mud gas sample from well 7324/8‐1 is sampled as shallow as 198 m 
below the seafloor. 
 
 Numerical modelling of gas hydrate stability during glacial conditions was carried out 
by using the results from ongoing work at Centre for arctic gas hydrate, environment 
and climate (CAGE) on numerical modelling of the ice sheet and isostatic conditions 
during the last glaciation. Modelling of gas hydrate stability during Last Glacial 
Maximum suggests stable conditions as deep as 618 m sub bottom depth within 
Ververis 3D and 412 m sub bottom depth within Hoop 3D.  
 
 During times of deglaciation numerical modelling suggests gas hydrate stability down 
to 233 m sub bottom depth within Ververis 3D and 167 m sub bottom depth within 
Hoop 3D. The thinning of the gas hydrate stability zone from Last Glacial Maximum is 
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thought to relate to unloading of vast ice sheets and increasing bottom water 
temperatures as the ice melts into water. 
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